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Development of the polychaete, Lumbrineris latreilli (AUDOUIN et :Mn:.NE-
EDWARDS) was studied and discussed from ecological points of view. Fertilized 
eggs develop into juveniles through trochophore stage within a jelly mass spawned 
on sea weeds. Soon after emergence from the jelly mass, the young enter a 
benthic phase without a pelagic phase. The young emerge little by little over a 
period of about 20 days in an enclosed shore, so the stage of development at 
emergence varies from 3- to 10-setiger stage. This feature is discussed in relation 
to the marked simultaneity of spawning. The emergence is completed earlier 
at the exposed shore (6-27 days old) than at the enclosed shore (14-33 days old). 
Emergence may depend on the progressive collapse of the jelly mass, which is 
accelerated by wave-action. About 35% of the egg masses disappeared before 
completion of emergence. It was estimated that 60-70% or more of fecundity 
became potential recruits to settle around the spawning site, but the number of 
young actually collected in the field was about 1/3 of the estimated figure. 
Distinction of some developmental types (pelagic, non-pelagic and viviparous) 
in marine benthos and their ecological implications were proposed by THORSON 
(1950), and was followed by some recent works with ecological and evolutionary 
points of view (see, MrLErKOVSKY, 1971; ScHROEDER and HERMANS, 1975). 
The term direct development signifies absence of a free larval stage. •> In tbis 
type, embryonic development is immediately followed by a free benthic stage 
. 1) Contribution from the Marine Biological Station, TOhoku.University, -No. 465 
2) Contribution from the Laboratory of Animal Ecology, Department of Zqology, Kyoto 
University, No. 440 . 
3) l!cii!:iEJII!, ±Ill: ~. j!!j'J"<;'f*' 
4) The terms embryo, larva and juvenile· were defined ,accorditig to ScHROEDER and 
HERMANS (1975), i.e., embryo is defined as a. developmental stage enclosed by a 
structure which limits its dispersal, and larva as a stage after hatching ~ut before 
metamorphosis 'into miniature adult form (juvenile). The term young is used here for 
any stage after emergence from a jelly mass. 
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(juvenile) (0CKELMANN, 1965; MILEIKOVSKY, 1971). THORSON (1950) proposed 
that there are two types of embryos with a direct development; a) originated 
from large yolky eggs, in which all the hatching young will be at the same stage 
of development, or b) from small eggs which during their development feed on 
nurse eggs, when the individual embryos may vary enormously in size at the 
stage of hatching. 
Some polychaetes with a direct development attach pear-shaped or spheroidal 
egg masses (eggs are deposited in a jelly mass) to substrate or parent's tube (see 
GIBBS, 1968; ScHROEDER and HERMANS, 1975). According to OKUDA's study 
(1946), Lumbrine1·is latreilli (AuDOUIN et MILNE-EDWARDS) is one such species, and 
produces large eggs, not nurse eggs, but contrary to THORSON's idea, the stage of 
development at emergence from the jelly mass is variable (4- to 7-setiger stage). 
This species shows an interesting breeding behavior. It attaches an egg mass to 
sea weed~ (OKUDA, 1946; NISHIHIRA et al., 1980), selecting the oviposition site on 
the upper part of the sea weeds (NISHIHIRA et al., 1980, 1981). 
In the present study the development of this species is re-examined using 
artificially fertilized eggs in the laboratory and naturally fertilized egg'> in the 
field. Furthermore, the ecological significance of some features of the development, 
especially non-simultaneous emergence of the young from the jelly mass, is 
discussed and the potential number of recruits in a limited area around the 
spawning site is estimated. 
MATERIALS AND METHODS 
Field obse1·vations 
Embryological observations were conducted at 2 stations on the shore around 
the Marine Biological Station, Tohoku University (40°55'N, 140°50'E) in June and 
July, 1980. St. 1 was set in a Sargassum forest in a small enclosed harbor and St. 2 
on a comparatively exposed cobbly shore, where small brown, red and green algae 
grow. 
Many egg masses spawned on the algae on a particular day were marked with 
vinyl tape on the algae. Thereafter, five egg masses were sampled at random 
every day and developmental stages of the embryos were recorded. 100 egg masses 
individually marked at St. 1 and 80 at St. 2 were left intact and daily examination 
of survival was continued. At both stations, water temperature was measured at 
13:00 every day. 
To collect the young which emerged from jelly mass, three plastic trays (24 X 
15 X 10 em) were set in a thicket of Sargassum at St. l. The trays were set at 
random in the thicket every day. Number and developmental stage of the 
free-living young which recruited in the trays were recorded. This work was 
repeated at the same station in 1981, but the trays were set at the same three 
positions every day. 
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Laboratory observettions 
To observe the early stages of development, artificial fertilization was 
performed. vVorms about to spawn were collected and isolated in petri dishes with 
a branch of Sargassum each. Egg masses spawned on the branch were mixed with 
sperm suspension, which was prepared by diluting a cluster of sperm spawned on 
the branch. Embryos were reared at 20°C. 
Embryos were observ~d under a standard light microscope and a stereoscopic 
microscope. Ciliary bands on embryo surface were examined with a scanning 
electron microscope. The jelly mass including embryos was divided into small 
pieces with scissors and fixed with 2% glutaraldehyde in seawater for several days 
at 2°C. Mter being rinsed several times in seawater, the embryos were mechanically 
set apart from the jelly by pincettes and pipetting. The embryos were 
postfixed with 1% KlVIn04 in seawater for 1 hour, dehydrated in ethanol, dried with 
a critical point dryer (Hitachi HCP- 1), coated with gold and then examined with 
a scanning electron microscope (Hitachi-Akashi MINI-SElVI 4) . 
RESUL'l'S 
il1 orphology of egg mass and gametes 
The egg mass is composed of a globular mass of jelly, about 1 to 2 em in 
diameter and contains 300 to 2,700 eggs (Fig. 1). We noted that the egg mass has 
a strong and elastic jelly cord (about 1 em long and 2 mm thick) at its base, with 
which it is tied fixmly to the sea weed. This structure was illustrated by OKUDA 
(1946, Fig. 2). 
The unfertilized egg (Pl. I: 2, 3) is more or less spheroidal (320-380 p,m X 
310-360 p,m). It is opaque, bright orange, rich in yolk and covered with a chorion 
(egg envelope). There is a distinct cytoplasmic indentation at the animal pole. 
Sperm head is 10- 13 p,m long, 2-3 p,m wide, slightly curved and round at its 
t apering top (Pl. I :1). Sperm bear a long tail (50-60 p,m long). 
Fig. I. An egg mass on a Zostera blade. x 1.5 
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Early events ajte1· fertilization 
After insemination, many spermatozoa passed through the jelly and attached 
to the chorion. 30- 60 minutes after insemination the eggs formed a perivitelline 
space, which was wider around the animal pole (Pl. I: 4). The space was formed 
also in unfertilized eggs left for a long time (> 10 homs) . The first polar body 
was formed 60- 90 minutes after insemination (Pl. I : 5, 6), and the second one 30-
40 minutes later. Prior to the first cleavage which began about 3 hom s after 
insemination, a round bulge of translucent cytoplasm appeared at t he animal pole 
(Pl. I: 7) . Upon completion of the first cleavage one blastomere absorbed this 
bulge, becoming a little larger than the other (Pl. I : 8, 9). 45-60 minutes lat er, 
the second cleavage took place (Pl. I : 10). Cleavage patt ern was spiral (Pl. I: ll, 
12). 
Development into t1·ochophore 
The chronology of the development in 3 situations (St. 1, St. 2 and 20°C-
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Fia. 2. Chronology of t he development of Lumbrineris laf;reilli within jelly mass both in the 
0 
laboratm:y and the fie ld. In a 20°C-incubator, 4 egg masses artificially fertilized were 
reared in petri dishes. I n the field, egg masses spawned on June 9, 1980 at St. 1 and 
on J une 11 at St. 2 were ma.rked and 5 egg masses a,t each station were examined 
every clay till most of the egg masses disappeared. 0 & P means cleavage and pro-
trochophore stage. Numerals (1-9) show setiger stages. ? : No observations. The 
bottom graph shows daily change in water temperature measured at 13 :00, which is t he 
approximate maximum in a day. Daily minimum water temperature stayed below 
20°C at both stations tlu·oughout the period. 
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the field due to higher water temperature. Development described below was based 
on the study of the materials in the field. 
Within 24 hours after spav;rni.ng rudiments of cilia were observed on the 
surface of the chorion of the embryo (gastrula) (Pl. I : 13, Pl. II: 1). By 1.5 days 
after spawning short cilia covered the embryo surface except around the anterior 
and posterior ends. The cilia first appeared in patches (Pl. II : 2), and later formed a 
continuous band. Then the embryo elongated slightly (Pl. II: 3). While within 
the jelly mass the cilia scar~ely moved, but when the embryo was set apart from 
the jelly, they vibrated a little. This is the early protrochophore. The chorion 
remained on the embryo smface. The embryo did not hatch out of the chorion. 
The embryo began to rotate slowly within the jelly mass 3-4 days after 
spawning. Four ciliary bands had differentiated by this time (Pl. II: 4-9): One, 
the prototroch, a broad band of short cilia which encircles the middle region of the 
embryo, was not continuous all round, but had a narrow dorsal gap. The other 
3 narrow bands of short cilia were acrotroch (anterior to prototroch), meta-
troch (which OKUDA (1946) described as paratroch, posterior to prototroch) and 
telotroch (near the posterior end) . There were some gaps in acrotroch and meta-
troch. There was a tuft of relatively long cilia at the anterior tip (Pl. II : 4, 8). A 
small patch of cilia was found at the posterior tip (Pl. II: 9). 
The prototroch became narrower and the post-prototrochal body elongated 
by 7.5 days after spawning (Pl. III: 1-5). The embryo constricted slightly just 
behind the prototroch (first segmentation). The apical tuft of cilia was 
indistinct. A pair of spatulate setae appeared behind metatroch (Pl. III: 3, 5, 6). 
This is the metatrochophore. At this stage ciliary movement became more active. 
However, the protrochophore and the metatrochophore did not swim but sank to the 
bottom if they were set apart from the jelly. 
Metamorphosis to juvenile and ernergence from the .felly rnass 
The ciliary bands were lost in the late stage of 2-setiger embryo (Pl. III: 7), in 
which metamorphosis to juvenile was completed. Of 4 segments distinguished 
between head and pygidium, the anterior 2 lack setae. Later, new segments 
were added backward one after another. In the newly formed parapodium, a 
solitary seta appeared first, and more setae were added later. At 8-setiger stage 
(Pl. III: 8), there were two lim bate setae in each of the 1st to the 6th para podia and 
two or three hooded hooks in the 7th and the 8th parapodia. 
In both the laboratory and the field, we observed that the young emerged 
from a jelly mass not simultaneously but a few at a time over many days. The 
young did not swim but soon sank to the bottom in calm water conditions. They 
secreted mucus around their bodies and showed negative phototaxis. The most 
advanced stage observed in collected jelly masses was 9-setiger stage (30 days old) 
at St. l. 
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In 1980, the youngest worms collected by trays set at St. 1 were of 3-setiger 
stage (12 days old) and the oldest of 8-setiger stage (31 days old), while most of the 
young were of 5- and 6-setiger stages (20-23 days old) (Fig. 3). The development 
was slower in 1981 than 1980 due to lower water temperature. The young collected 
by trays were of 3- to 10-setiger stages (17 to 37 days old respectively) in 1981. 
For 1981, the number of the young collect ed in each stage is also shown in Fig. 3. 
Most of the young (69.9%) were of 5- and 6-setiger stage as in 1980. The number 
of the collected young was largely variable among the 3 trays. The total number 
of young collected by the 3 trays was 248 (= 165+51+ 32, 2296/m2) in 1981, and 
302 (2796/m2) in 1980. In both years, various benthic animals such as hermit 
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F ig. 3. Number and stage of the young collected by 3 trays set in the Sa1·gassu1n thicket at 
St. 1 and daily water temperature. Most spawning occurred at 0:00-3:00 on June 9 
in 1980 and June 15 in 1981. Water temperature was measured at 13:00 at the pier 
of the Marine Biological Station. Numerals (3-10) show setiger stages and N the 
total number of the young. Bars in the bottom graph represent S.D. 
Disappectmnce of the egg masses in the field 
Almost all of the marked egg masses disappeared within a month after 
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Fig. 4. Survival curve of egg masses in the field. Egg masses spawned on June 9 at St. 1 
and on June 11 at St. 2 in 1980 were individually marked with vinyl tape on the sea 
weed 0.5 days (St. 1, A) and 2.5 days (St. 2, B) after spawning . 
F ig. 5. Disappearance of individually marked egg masses in the field. E ach bar shows 
number of egg masses lost in a day. In one type of disappearance, all the young 
completed emergence with jelly-collapse at the spawning place (A). In the other 
types, egg masses were lost before completion of t he emergence either together with 
the sea, weed (B1 ) or detached from t he sea weed (B2 ). C shows unknown process of 
disu,ppeamnce. 
spawning (Fig. 4). The disappearance was more rapid at St. 2. Three types of 
disappearance were distinguished (Fig. 5). At both stations, about 65% of the 
egg masses showed gradual disintegration at their original place on the algae (A in 
Fig. 5) . This was accompanied by the completion of emergence of the young. There 
was a marked variation in the completion time of the emergence (14-33 days old at 
St. 1, 6-27 days old at St. 2). Some small empty jelly masses remained for a 
while aft er all the young had emerged. Most of the egg masses in this case 
disappeared after the embryos developed to 3-setiger or more advanced stages 
(juvenile), but 12% of egg masses at St. 2 collapsed and disappeared very early 
(6-11 days old), when the embryos were at protrochophore or metatrochophore 
stage (see Fig. 2). The other 35% or so of the egg masses disappeared before the 
completion of emergence either together with the sea weeds (B1 in Fig. 5) or detached 
from them (B2). The last two cases were probably due to wave action or accident 
during the observations. The fate of these egg masses is unknown. 
Estimate of potential numbm· of recruits 
In the sheltered calm shore, dispersal of the young is limited to the area 
around the spawning place (unpublished data). We estimated the potential number 
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Table 1 
Estimate of potential number of recruits at St. 1 (a} and St. 2 (b) in 1980 based on the 
egg masses whose fates were known (98 egg masses at St. 1 and 74 at St. 2). 
a . (St. 1} 
Fate of egg masses No. of egg 
I 
Rate of emergence** No. of potent ial 
masses (%} recruits*** 
Complete emergence of the young 64 100 72684 
Lost 7 -setiger stage 11 (4*) 2. 9+ 10. 7+36. 0+33. 9=83. 5 10431 
at 4-setiger stage 3(3) 2.9 99 
3-setiger or younger stage 20(16) 0 0 
Total 98(23) 183214 (71. 896t) 
b. (St. 2} 
Fate of egg masses 
I 
No. of egg Rate of emergence INo. of p~tential 
masses (%} recrmts 
Complete emergence of the young 48 100 54513 
Lost 3-setiger stage 2 (2) 2. 9 +10. 7=13. 6 309 
at 2-setiger stage 2 
(1) 2. 9 66 
1-setiger or younger stage 22 (6) 0 0 
Total 74 (9) 154888 (62. 796) 
c. (Proportion of young emerging at each stage) 
Stage (St. 1} 3tt 4 5 6 7 8 9 10 
(St. 2} 1 2 3 4 5 6 7 8 
Emergence (%} 2.9 10. 7 36. 0 33. 9 11. 6 3. 3 1.2 0.4 
* Number of the egg masses lost together wit h t he sea weed. ** Sum of the propor. 
tions of young emerging at all stages younger than t he oldest observed before egg 
mass d isappearance (Fig. 2 and 5). The proportion of young emerging at each stage 
(c) was estimated based on the data from St. 1 in 1981 (Fig. 3). *** Average 
fecundity (1183} x mean rate of normal development (96%} x rate of emergence x No. 
of egg masses. t Percentage of potential recr uits to total fecundity. tt Numerals 
(1-10) show:setiger stages. 
of recruits around the spawning place, assuming that the young which emerged from 
the jelly mass settled around the spa·wning site and t he potential number of the 
recruits was sum of the young emerging before the egg mass disappeared (Table 1). 
It is uncertain whether the young settled soon after emergence or remained sus-
pended for a considerable durat ion before settling. Nevertheless, the coincidence 
between the peaks of recruitment (Fig. 3) and type A disappearance of egg masses 
(Fig. 5) suggests that t he young settled soon after emergence at least under a 
calm water condit ion. Therefore, provided that mortality rat e is the same at all 
stages, t he proportion of young collected at each stage in 1981 (Fig. 3) reflects the 
proportion of t he respective stage at emergence. This proportion was adopted 
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for calculation for St. 1 in 1980, and modified for St. 2, i.e., the stage was shifted 
by 2 steps because of the earlier emergence of the young at that station (Table 1- c) . 
Average fecundity was 1183 eggs and mean rate of normal development to 3- or 
4-setiger stage was about 96% (unpublished data). 
The estimate shows that the potential number of recruits was 849 young per 
egg mass (72% offecundity) at St. 1 and 742 (63%) at St. 2. Since the density of 
the egg masses in the Sat-gassum forest at St. 1 in 1980 was 10.6/m2 {NISHIHIRA et ctl., 
1981), an estimated total of 8999 ( =849 X 10.6) young per m2 might be potential 
recruits. These values might have been underestimated because some egg masses 
may have disap1)eared due to accidental cutting of the sea weeds during field-
observations. If all the young in the egg masses lost together with the sea weeds 
took part in the recruitment (B1 = A in Fig. 5), the estimate is modified as 
follows : 1076 potential recruits per egg mass (91% of fecundity) at St. 1 and 875 
(74%) at St. 2. 
DISCUSSION 
As to the early events after fertilization, the following is added to OKUDA's 
study (1946). The unfertilized egg has a distinct cytoplasmic indentation at the 
animal pole like U1·echis eggs (TYLER, 1931; Gouw-SoMERO and HoLLAND, 1975). 
Prior to the first cleavage, a round bulge of translucent cytoplasm is formed at the 
animal pole. Upon completion of the cleavage this bulge flows back into one of 
the two blastomeres. A similar bulge is formed not at the animal pole but at the 
vegetal pole, and is well known as a polar lobe in many polychaetes (see, REVERBERI, 
1971; SCHROEDER and HERMANS, 1975) and molluscs (see, SASTRY, 1979). 
The polychaetes which spawn an egg mass tend to have a short pelagic or 
direct development (GIBBS, 1968). L . latreilli shows a direct development within 
the jelly mass, lacking a larval stage. Different species of Lumbrineridae show 
different reproductive features. Lumbrineris sp . in Newport, U.S.A., attaches its 
egg mass to t he surface of the mud and undergoes a direct development (FEWKES, 
1883). On the other hand, L. impatiens in Arcachon, France, does not spawn an 
egg mass and has a pelagic phase of several days (CAZAUX, 1972). Egg size of this 
species (225 ,urn in diamet er) is smaller than that of L. latreilli. 
The stage at which the young emerge from the jelly mass is greatly variable 
between species (CHAPMAN, 1965; GIBBS, 1968), but most species have a definite 
stage of emergence. That the young emerge at various stages in L. latreilli (3-
to 10-setiger stages at St. 1) is exceptional. The observed non-simultaneity of 
emergence stages is caused by the variety of emergence stages within each egg mass. 
Though the exact stage of emergence was not studied at St. 2, some young seemed 
to be forced to emerge at protrochophore or metatrochophore stage. It is unclear 
whether this early emergence is involuntary. Under experimental conditions, the 
fertilized eggs developed normally to juveniles lecithotrophically without a 
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pelagic phase even if they were mechanically set apart from the jelly mass 
(unpublished observations). According to the chronology of the development 
(Fig. 2) and the period of type A disappearance of egg masses (Fig. 5), it is 
suspected that at St. 2 the young had all emerged from the jelly mass by 6- or 
7 -setiger stage. The emergence occurred earlier at the more exposed St. 2 than 
at St. l. Our observations suggest that the emergence is promoted by wave-action. 
It may be rather passive at least in the early stage, occurring with the jelly collapse. 
The observed time variation of completion of emergence may be related to the 
different degrees of jelly collap~e or size of the egg masses. 
The local population spawned simultaneously once a year in a few days 
(spawning mostly concentrated in 1 or 2 days in a limited area, NrSHIHIRA et al., 
1980, 1981; TsuCHIYA et al., 1982). Therefore, if emergence occurred at a definite 
stage, most young would enter the benthic phase almost simultaneously. Complete 
absence of a pelagic phase may limit the area of dispersal and settlement of the 
young especially in a sheltered situation (unpublished data). Limitation of 
~ettlement in space and time seems potentially dangerous for the population 
m a shallow changeable environment, since the young seem not to be protected 
between emergence and settlement. If there were some biotic (e.g., predation) 
or abiotic (e.g., abnormal weather or physical perturbation) disturbances at that 
time and place, the population might be decimated. Hence, the long period of 
emergence may increase the chance of successful settlement. This hypothesis holds 
if the young before 9- or 10-setiger stage are free from danger within the jelly 
mass and that the demerits of staying within the jelly mass for a long period are 
negligible. Although direct evidence is lacking at present, it is likely that the 
jelly mass protects embryos from some external danger (predators, loss of salts, 
etc.) as proposed for other species (AIYAR, 1931; KRISHNAMOORTHI, 1963; 
GIBBS, 1968). A possible demerit of staying in a jelly mass for a long period is 
the increasing chance of displacement from the oviposition site to an unsuitable 
place by wave-action. This seems to be overcome by tying the egg mass firmly to 
the sea weed with a specialized jelly cord. 
If the long duration of emergence compensates for the disadvantage of 
simultaneous spawning in species with a direct development, a positive correla-
tion between the duration and the spawning simultaneity in other species may be 
suspected. The duration of emergence is shorter in both Axiothella mucosa 
(BooKHOUT and HoRN, 1949) and Scoloplos annige1· (GIBBS, 1968) whose spawning 
durations last longer than that of L. latreilli (Table 2). Obviously more informa-
tions on other species are necessary to test this hypothesis. There are other methods 
for improving recruitment. A. mucosa and S . armiger spawn egg masses on the 
bottom surface, so that the young travel a shorter distance for settlement than 
those of L. lat1·eilli. Furthermore, most of the young of S. annigm· escape from 
the cocoon (=jelly mass) via the hollow stalk (UPTON, 1953) and thus effectively 
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Table 2 
The spawning simultaneity and the duration and the stage at emergence of the young 
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isolate themselves from surface-feeding predators (GIBBS, 1968). 
Emergence at early stages seems not to be detrimental, and the young seem to 
be able to develop lecithotrophically to 8-setiger stage at which the mouth 
apparatus (Fig. 6a) becomes functional (OKUDA, 1946). Some of the juveniles 
(8- to 10-setiger stage) remain in the jelly mass even after they become able to 
take food. Orgarusms growing in the jelly mass may constitute a stable food supply. 
The jelly mass became dark brown or blackish in time due to the multiplication of 
diatoms, mainly Nitzschia sp. , within the jelly mass (Fig. 6b). Protozoans and 
nematodes were also found. These organisms were not present in the fresh egg 
mass. Their density gradually increased with time and was higher at St. 1. Gut 
content of a 10-setiger juvenile in a jelly mass included diatoms, which could also 
be found at high density in the jelly mass (Fig. 6c). These observations show that 
the jelly mass functions as a culture medium for diatoms which are consumed by 
t he young living inside the jelly mass. A similar observation was reported in 
Axiothella mucosa (BooKHOU'l' and HoRN, 1949). The food supply in the jelly mass 
a 
h. 
Fig. 6. a : Mouth a.pparatus of a 9-setiger juvenile (left : maxilla, right: mandible) . 
b: Diatoms in a.gecl jelly mass. c: Diatoms in gnt content of a 10-setiger 
juvenile in a jelly mass. a-c: X 150. 
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may enable the juveniles to stay within the jelly mass for a long period. 
Since the egg masses lost before completion of emergence were a little more 
abundant at the exposed St. 2 than at the enclosed St. 1, the potential recruits are 
estimated to be more concentrated around the spawning place at St. 1 (72-91% of 
fecundity) than at St. 2 (63-74o/o). However, the number of young actually col-
lected by 3 trays at St. 1 (2796fm2 ; 22% offecundity) is about 1/3 of the estimated 
figure (8999/m'). This fact may suggest high mortality between emergence and 
settlement. Hermit crabs observed in the trays may prey on the young recruits. 
Nevertheless, this mortality is obviously much lower than those of benthic species 
having a long pelagic phase in the development, in which less than 1% of the 
original larval population is suspected to achieve se.ttlement (see, MrLEIKOVSKY, 
1971). This shows the efficiency of the protection given by the jelly mass. For 
the species with a direct development, which produce much smaller numbers of eggs 
than the species with a long-pelagic development, low mortality is essential to 
maintain the population (THORSON, 1950). After recruitment, 0.2-0.S% survival 
of the settled young (2 individuals per fecundity) to next spawning is necessary for 
maintenance of the local population of L. latreilli (provided an even sex ratio). This 
value is comparable with that for species with a pelagic development (0.1-l.Oo/o) 
(THORSON, 1963). 
CHAPMAN (1965) and Gmns (1968) proposed that the most important function 
of jelly mass in Scoloplos armiger is to keep the young in their proper station by 
preventing excessive dispersal. Also in L. latreilli, though the exact extent of 
dispersal of recruits has not yet been clarified, the direct development within a 
jelly mass seems to cause limited dispersal of the young. This is suggested by the 
high ratio of recruits (about 20% of fecundity) around the spawning site and 
heterogeneous recruitment there (the number of young collected by 3 trays 
varied largely). The limited dispersal may be significant for the young to remain 
in a area which is covered with sea weeds and seems to be a suitable habitat for the 
adults {NISHIHIRA et al., 1981). 
We thank Prof. K. 0SANAI, the director of the Marine Biological Station TOhoku 
University for reading the manuscript and for his suggestions. 
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EXPLANATION OF PLATES 
Abbreviations: 
c: chorion 





T: Standard micrograph with transmitted light. 
R: Stereoscopic micrograph with reflected light. 
SEM: Scanning electron micrograph. 
Plate I 
1. Spermatozoon. A phase contrast micrograph. x 565 
2. Unfertilized egg j11st after spawning. T. x75 
3. Unfertilized egg. An indentation (arrow) is visible. R. x 75 
4-12: Artificially fertilized materials in the laboratory. x75 
4. Egg with a perivitelline space I hour after insemination. Some spermatozoa were 
attached to the chorion. T. 
5. The first polar body formation. 1.5 hours after insemination. T. 
6. The first polar body formation. R. 
7. Formation of a round bulge of translucent cytoplasm at the animal pole. 3.5 hours 
after insemination. T. 
8. The bulge was absorbed by one blastomere during the first cleavage. 10 minutes later. 
T. 
9. 2 cell stage. 5 minutes later. T. 
10. 4 cell stage. 45 minutes later. R. 
n. 8 cell stage. 5.5 hours after insemination. R. 
12. Morula. 9.5 hours after insemination. R. 
13. Gastrula. About 20 hours after spawning in the field. R. X 75 
Plate II 
1-9: Naturally fertilized materials in the field. 
1. Patches of rudimentary cilia on the surface of gastrula chorion. About 20 hours after 
spawning. SEM. x 470 
2. Patches of cilia on the early protrochophore. 1.5 days after spawning. SEM. x 210 
3. The early protrochophore. 1.5 days after spawning. T. x 75 
4. The protrochophore. 4.5 days after spawning. T. x75 
5. Cilia of prototroch in the protrochophore. SEM. X 1070 
6. A dorsal view of the protrochophore. SEM. X no 
7. A lateral view of the protrochophore. SEM. x no 
8. An anterior view of the protrochophore. SEM. x 210 
9. A posterior view of the protrochophore. The nrrow indicates a small patch of cilia at 
the posterior tip. SEM. x 320 
Plate ill 
1-8: Naturally fertilized materials in the field. 
1. The late protrochophore. 7.5 days after spawning. R. x75 
2. The late protrochophore. T. x 75 
3. The early metatrochophore. 7.5 days after spawning. A pair of setae appeared (arrows). 
T. x75 
DEVELOPMENTAL ECOLOGY OF LU1liBRINERIS 85 
4. A dorsal view of the early metatrochophore. SEl\f. x 110 
5. A lateral view of tho early metatrochophore. The <tt'l'OW indic<ttes the first para podium. 
SEM. xl!O 
6. The metatrochophore. 8.5 days after spawning. The al'l'ow shows constriction for 
the first segmentation. T. x75 
7. 2-setiger stage (just after metamorphosis to juvenile). ll.5 days after spt"Lwning. Of 
4 segments (l-4) between head and pygidium, the anterior 2 lack setae. T. x75 
8. 8-setiger stage. 29.5 days after spawning. T. x 75 
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